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ORWV RI HIIRUWV KDYH EHHQ GHGLFDWHG WR GHYHORS DOWHUQDWLYH SOXJJLQJ FULWHULD IXUWKHU UHVHDUFKHV DUH UHTXLUHG IRU
PXOWLSOHD[LDO7:&VLQ6*WXEHV
,QWKHSUHYLRXVVWXGLHV>@DVVHVVPHQWPHWKRGVDQGSDUDPHWULF)(DQDO\VLVZHUHH[DPLQHGE\FRPSDULQJ)(




2.1. Coalescence criteria 
)LJXUH  GHSLFWV WKH WXEHV FRQWDLQLQJ WKUHH W\SHV RI GXDOD[LDO 7:&V7KH FUDFN OHQJWK LV c, D[LDO GLVWDQFHV






6LQJOH &UDFN 7KH (6& ZDV GHVFULEHG LQ 7KH $60( $PHULFDQ 6RFLHW\ RI 0HFKDQLFDO (QJLQHHUV FRGH DQG
FDOFXODWHGE\XVLQJ(T>@
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ZKHUHߪ௙LV WKH IORZ VWUHVV t LV WKH ZDOO WKLFNQHVVR LV WKH PHDQ UDGLXV RI 6* WXEHVܯ்LV WKH EXOJLQJ IDFWRU
FDOFXODWHGE\(TߣLVWKHVKHOOSDUDPHWHUFDOFXODWHGE\(TߥLVWKH3RLVVRQ¶VUDWLRDQGc LVWKHKDOIOHQJWKRI
WKHFUDFN
2.2. Assessment methods 
,Q WKH SUHYLRXV VWXGLHV RSWLPXP IDLOXUH SUHGLFWLRQPRGHOV OLNH3=&,, 3=&,9 DQG&2'ZHUH SURSRVHG IRU
HDFKFUDFNW\SH7KHPDLQIHDWXUHVRIWKHVHPRGHOVDUHEULHIO\GHVFULEHGDVIROORZV>@
 3ODVWLF =RQH &RQWDFW PRGHO ,,3=&,, ,W LV DVVXPHG WKDW FRDOHVFHQFH FRXOG EH RFFXUUHG ZKHQ SODVWLF
]RQHVGHYHORSHGIURPWKHFUDFNWLSFRPHLQWRFRQWDFW7KLVPRGHOLVEDVHGRQWKHFRQWRXUSORWRIWKHYRQ
0LVHVVWUHVVZKLFKHTXDOVWRWKHWHQVLOHVWUHQJWK
 3ODVWLF =RQH &RQWDFW PRGHO ,93=&,9 ,W LV DVVXPHG WKDW FRDOHVFHQFH FRXOG EH RFFXUUHG ZKHQ WKH














)LJXUHF VKRZV WKHSUHOLPLQDU\DQDO\VLV UHVXOWVRI FRDOHVFHQFHDQGRU IDLOXUHSUHVVXUHVRIQRQDOLJQHGD[LDO
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)LJD5HVXOWRIGXDOFROOLQHDUD[LDO7:&VE5HVXOWRIGXDOSDUDOOHOD[LDO7:&VF5HVXOWRIGXDOQRQDOLJQHGD[LDO7:&V
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$VVHVVPHQWRI7ULSOH&UDFNV








<LHOGVWUHQJWK 7HQVLOHVWUHQJWK <RXQJ¶VPRGXOXV (ORQJDWLRQ 3RLVVRQ¶VUDWLR
V\03D VX03D E *3D  Q
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3.2. FE models and analyses 
)LJXUH VKRZ W\SLFDO')(PRGHOVRI WKH WULSOHFROOLQHDUSDUDOOHODQGQRQDOLJQHGD[LDO7:&V7KHVHZHUH
GHYHORSHGE\WDNLQJLQWRDFFRXQWIRUV\PPHWULFFRQGLWLRQVDVRQHKDOIUHVSHFWLYHO\5HODWLYHGDWDVXFKDVQXPEHURI
HOHPHQWV QRGHV DQG HOHPHQW W\SHV ZHUH VXPPDUL]HG LQ 7DEOH  ,Q RUGHU WR LQFRUSRUDWH PDWHULDO SURSHUW\ DV
LVRWURSLFHODVWRSODVWLFEHKDYLRUWKDWREH\V-IORZWKHRU\WUXHVWUHVVVWUDLQGDWDRIDOOR\ZHUHXVHG>@$OVR
5,.6DQG1/*(20RSWLRQVSURYLGHGE\$%$486ZHUHXVHGIRU)(DQDO\VHV>@
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1XPEHURI
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3.3. Results and discussion 
)LJXUHVKRZVDQDO\VLVUHVXOWVIRUFROOLQHDUFUDFNVLQZKLFKFRDOHVFHQFHDQGRUIDLOXUHSUHVVXUHVRIWKHGXDODQG
WULSOH FUDFNV ZHUH FRPSDUHG ZLWK SODVWLF FROODSVH SUHVVXUHV RI WKH (6& 7KH FRDOHVFHQFH SUHVVXUH PHDQV WKH
SUHVVXUHZKHQGXDORUWULSOHFUDFNVPHUJHLQWRDVLQJOHFUDFN2QWKHRWKHUKDQGWKHSODVWLFFROODSVHSUHVVXUHPHDQV
WKH SUHVVXUHZKHQ D VLQJOH FUDFN FDXVHV RYHUDOO VWUXFWXUDO LQVWDELOLW\ ,Q JHQHUDO WKH FRDOHVFHQFH SUHVVXUHVZHUH
GHFUHDVHGDVDQLQFUHDVHRIFUDFNQXPEHUVDQGDQGHFUHDVHRIOLJDPHQWGLVWDQFH7KHUHIRUHWKHFRDOHVFHQFHDQGRU
IDLOXUHSUHVVXUHVRIWKHWULSOHFUDFNVZHUHORZHUWKDQWKRVHRIGXDOFUDFNV
0HDQZKLOH LQSUHYLRXV VWXGLHV WKH LQWHUDFWLRQHIIHFWEHWZHHQ WZRDGMDFHQW LGHQWLFDOFUDFNVGLVDSSHDUHGZKHQ
WKH OLJDPHQW OHQJWK H[FHHGHG  PP DQG WKH WZR LGHQWLFDO FUDFNV EHKDYHG OLNH LQGHSHQGHQW VLQJOH FUDFNV >@
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)LJXUHVKRZVDQDO\VLVUHVXOWVIRUSDUDOOHOFUDFNVLQZKLFKIDLOXUHSUHVVXUHVRIWKHGXDODQGWULSOHFUDFNVZHUH
FRPSDUHG ZLWK SODVWLF FROODSVH SUHVVXUHV RI WKH (6& 6LQFH WKH HTXLYDOHQW VLQJOH FUDFN OHQJWKV ZHUH HTXDO WR
LQGLYLGXDOFUDFNVLWZDVGHWHUPLQHGWKDWLGHQWLFDOFUDFNVEHKDYHGOLNHLQGHSHQGHQWVLQJOHFUDFNLQFDVHVRISDUDOOHO
FUDFNV$OVRLQWHUDFWLRQHIIHFWQRWRFFXUUHGZKHQWKHOLJDPHQWVDUHVPDOOHUWKDQWKRVHRIWKH(6&DQGGXDOFUDFNV


































 ,Q FDVHV RI SDUDOOHO FUDFNV LW LV H[SHFWHG WKDW LQGLYLGXDO FUDFN EHKDYLRU RFFXUUHG OHVV WKDQ PP DQG
FRDOHVFHQFHZDVRFFXUUHGE\LQWHUDFWLRQHIIHFWZHOOLQJUHDWHUWKDQPP
 ,QFDVHVRIQRQDOLJQHGFUDFNVWKH\ZHUHVLPLODUZLWKFROOLQHDUD[LDOFUDFNVRYHUDOO$QGLWVKRZHGVRPH
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